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Abstract: This research explores the effectiveness of using simulation as a tool for enhancing classroom learning in the Civil Engineer-
ing Department of the University of Minnesota at Twin Cities. The authors developed a modern transportation planning software package,
Agent-Based Demand and Assignment Model ADAM, that is consistent with our present understanding of travel behavior, that is
platform independent, and that is easy to learn and is thus usable by students. An in-class project incorporated ADAM and the perfor-
mance of this education strategy was evaluated through preclass survey, postclass survey, scores in the quiz focusing on travel demand
modeling, and ﬁnal scores. Results showed that ADAM effectively enhanced students’ self-reported understanding of transportation
planning and their skills of forming opinions, evaluating projects, and making judgments. Students who prefer visual and active learning
were found to beneﬁt more than others through simulation-based teaching strategy. Findings in this research could have signiﬁcant
implications for future practice of simulation-based teaching strategy.
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Introduction
The practice of transportation engineering and planning has
evolved substantially over the past several decades. Young gradu-
ates encounter a wide range of increasingly complicated prob-
lems, from growing congestion and worsening air quality, to
environmental preservation and social equity concerns Handy
et al. 2002. The task of transportation education in this era, as
stated by an ITE Technical Council Committee 2–32 1990,i s
not only “to train students in how to do various activities associ-
ated with current practice” but also to “provide students with the
tools necessary to solve new problems that arise.” However,
achieving this goal poses a signiﬁcant challenge for transportation
engineering educators given that the hourly requirement of
transportation-related courses offered for undergraduate students
is decreasing Lipinski and Wilson 1992; Mason 2003.
Other factors that contribute to this challenge include the fact
that most transportation-related courses are still addressed in a
traditional instructional format with “chalk and talk” lectures,
paper and pencil problem-solving, and class projects or papers on
related topics Mills and Treagust 2003; Chen and Levinson
2006, which fails to motivate students e.g., Carlson and Sullivan
1999 and prevents these students from effectively applying what
they learn in their future work. For instance, Hadgraft 1992
found that students receiving traditional lectures lack the skills to
effectively deﬁne and recognize problems, which comprises their
ability to apply learned knowledge to solve problems. As a con-
sequence, a recent survey conducted by Mason 2003 indicates
that the number of graduates in transportation engineering have
decreased slightly, despite increasing demand from the industry.
For these reasons, signiﬁcant curriculum changes are needed that
will better engage students and more effectively disseminate
knowledge.
One of the more promising tools in this effort includes using
computer-based simulation to enhance classroom instruction
Rafaeli et al. 2003; Stoffa and Slovakia 2004. This strategy,
however, has not been widely adopted in the education of trans-
portation engineering and planning, largely due to a twofold bar-
rier. First, traditional theories and models may be difﬁcult to
embody in a simple and clear simulation suitable for class uses.
Second, the effectiveness of simulation has seldom been exam-
ined in education practice, and thus its potential advantages over
traditional ways of learning have not been widely acknowledged.
In this paper, an online simulator of travel demand modeling is
developed based on recent advances in transportation planning
models. Its effectiveness is evaluated based on surveys before and
after the use of this simulator in a junior level transportation
engineering class. This paper documents the process and report
ﬁndings that help to demonstrate the suitability of simulation in
the classroom. The next section presents a review of related edu-
cational theories on simulation. Then the Agent-Based Demand
andAssignment Model ADAM simulator is introduced followed
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the evaluation results based on statistical analyses of surveyed
data, while the conclusion summarizes our ﬁndings and gives
implications of our study.
Online Simulation in Education
Advanced education and teaching are increasingly based on tech-
nological innovations in the area of multimedia and computer-
based instruction Alavi et al. 1997. Among the proposed
techniques, computer simulation is particularly valuable in trans-
portation education because most transportation policies and strat-
egies in the real world take years to implement with a
prohibitively high cost, while simulation allows learners to “apply
new skills in a risk-free environment” Billhardt 2004. Further-
more, simulation allows interactions between the computer pro-
gram and students and provides prompt feedback to students,
which has proven to be critical to good education Chickering and
Gamson 1987. A simulator with an interactive interface and
graphical feedback could engage students in the subject matter
and encourage students to concentrate, thereby increasing their
learning, understanding, and retention. Provided with a simulator
which models an entire system, students will be able to move
beyond atomistic equations that, to date, have constituted the ma-
jority of instruction in the course, and look at transportation issues
in a holistic way.
There are, of course, more advanced commercial transporta-
tion planning packages, such as EMME/3, TRANSCAD, TRAN-
SIMS, and CUBE/TRANPLAN, but those have steep learning
curves making them inappropriate for the classroom setting Chen
and Levinson 2006. The high price of commercial packages de-
spite educational discounts further increases the difﬁculty for
universities to adopt them in classroom. Other simpler packages
exist e.g., QRS-II, but these are still fairly complicated to learn
and implement, based on traditional transportation planning mod-
els, and are not platform-independent. Prior to this project, the
class used software called The Highway Emulator T.H.E. which,
while relatively simple, did not have a graphical input or output
and was DOS based.
The Internet provides a more attractive frontier for computer
simulation in transportation education. Ubiquitous access to the
Internet relaxes the time and location constraints of learning. On-
line simulators also enable easy delivery and fast customization
Rafaeli et al. 2003. Thus, many transportation researchers and
educators have chosen online simulators to publish their work
Bolay and Helbing 2006; Treiber 2005; Los Alamos National
Laboratory 1998.
ADAM
The traditional travel demand model adopted by many classic
textbooks Shefﬁ 1985; Banks 2002 considers aggregate travel
choices in four steps: trip generation, trafﬁc distribution, modal
split, and trafﬁc assignment. It was developed in the 1950s when
data, computational power, and sophisticated algorithms were less
readily available to professionals. The four-step model, therefore,
suffers many weaknesses such as the inability to incorporate the
diversity of travelers. The model lacks a solid foundation in travel
behavior theory Zhang and Levinson 2004. In our own class-
rooms, these deﬁciencies in the model tended to confuse students
because the mathematical concepts underlying the model are dif-
ﬁcult to grasp. The concept of equilibrium introduced in trafﬁc
assignment is too abstract for undergraduates who have little
background in transportation research or optimization and the
gravity model is not an intuitive method for conceptualizing their
daily travel needs. The four-step model also ignores the interac-
tions between different steps and is sometimes misleading. For
example, students are often confused by induced travel or demand
Parthasarathi et al. 2003, which can be thought of as a feedback
from trafﬁc assignment to trip generation, distribution, and mode
split.
The agent-based travel demand model has emerged as a new
generation of transportation forecasting tools and provides an al-
ternative to address the topic of travel demand modeling. The
agent-based modeling approach assumes that the aggregate urban
travel demand is the result of a multidimensional choice process,
including residential and business location choice, trip origin, trip
destination, route choice, etc. All agents have individual charac-
teristics, goals, and rules of travel behaviors. Agents exchange
information on their experiences and adjust their travel choices
according to available information. This modeling framework
could be more intuitive for students because it simulates the
decision-making process in travel at a microscopic level in a way
that students may experience ﬁrst-hand on a daily basis. Ideally,
the modeling framework is ﬂexible and is open for students to
specify and test their assumption of travelers’ goals and behav-
ioral rules i.e., how travelers value their time, how much travel-
ers would like to pay for 10-min travel time saving, which will
greatly enhance students’ understanding of underlying mecha-
nisms behind travel demand forecasting.
The online simulator named ADAM is developed to imple-
ment a simple agent-based travel demand model in a classroom
setting. ADAM aims to be easy to learn, platform-independent,
and consistent with the present understanding of transportation
theories. The ﬂowchart of ADAM is illustrated in Fig. 1 and more
details of this model can be found in Zhang and Levinson 2004.
For simplicity, this model focuses on the morning peak period and
each traveler is treated as an autonomous agent who hunts for a
job on the network. After all travelers have found their jobs, a
travel pattern of the city is established and the aggregate measure
of effectiveness MOE, such as vehicle kilometers of travel vkt,
vehicle hours of travel vht, and network accessibility, can be
measured. As travelers adjust their destination and route choices,
the travel pattern will evolve until convergence is reached.
A snapshot of the simulator interface is presented in Fig. 2. As
can be seen, the interface is composed of three major panels. The
aforementioned resulting patterns and MOEs can be examined
after a simulation via the result panel. In the parameter panel,
users are free to adjust model parameters such as travelers’ will-
ingness to travel, sensitivity to travel cost, and ﬂow-speed rela-
tionship within speciﬁed ranges. In the display panel, the
topology of the examined transportation network is displayed. For
the default case, this simulator displays a simpliﬁed road network
of the City of Sioux Falls, South Dakota a standard test case in
transportation research.
Different attributes of links and nodes, such as the number of
lanes, speed, number of travelers originating from and destined
for a node, are differentiated on the screen in different colors or
sizes. Pop-up labels which can be seen by right-clicking provide
an alternative way to obtain the information about a link or node,
which provides students immediate feedback in their uses. An-
other feature of ADAM is that it allows onscreen editing on the
examined network. Users are allowed to change the topology of a
network and specify the attributes of links and nodes through the
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ments in network design and urban planning, and thus encourages
active and creative learning.
Class Project
Introduction to Transportation Engineering, CE3201, is a required
Civil Engineering course at the University of Minnesota, Twin
Cities, taught every semester to up to 75 students, usually taken
by sophomores or juniors though out-of-sequence seniors often
take the course to complete requirements. Currently, students in
CE3201 have a lecture that meets2haweek and a computer lab
that meets1haweek. For the Transportation Planning portion of
the course approximately the ﬁrst month, students in lab previ-
ously used software called T.H.E., which is a simpliﬁed version of
a 1950s era transportation planning software package rewritten
for personal computers and was developed in 1989.
ADAM was ﬁrst introduced to CE3201 to replace T.H.E. so
that travel demand forecasting can be learned in a classroom set-
ting in less than 3 lab periods via a usable tool. Three project
assignments are designed to incorporate the simulator into class-
room learning, each for one class period. The ﬁrst two assign-
ments allow students to familiarize themselves with travel
demand modeling and the simulator and the third asks each stu-
dent to develop a redevelopment plan of the Sioux Falls network
under given situations using ADAM and to evaluate the efﬁciency
of that plan.
Evaluation
Two surveys were conducted before and after the class project to





















Fig. 1. Flow chart of ADAM
Fig. 2. User interface of ADAM
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postclass survey is designed to assess students’ self-reported im-
provement in knowledge and skills after using the simulator for a
3-week period, and collect their evaluations of the simulator as a
tool of learning. Table 1 summarizes the categories of questions
adopted in both the preclass and postclass surveys. To be consis-
tent with previous surveys, the questions on learning style are
adopted from Kolb 1984 and Felder and Silverman 1988.I n
addition to the postclass survey, the grades of the ﬁrst quiz, which
speciﬁcally focuses on travel demand modeling, serve as an indi-
cator of learning performance, while the ﬁnal grades of the whole
class are incorporated as explanatory variable, which could rule
out the variation on students’ overall academic efforts and perfor-
mance in the statistical analyses to follow.
Of 53 registered students at the outset of the semester Spring
2006, 37 completed the course and responded to both surveys.
The statistics of students’ background information collected from
the preclass survey are summarized in Table 2, including demo-
graphics, academic background, learning style, computer proﬁ-
ciency, and prior knowledge and skills. Among the 37 valid
subjects, most 36 out of 37 were engineering students. Students
are approximately equally distributed among three grades: sopho-
more, junior, and senior, with an average age of just under 21. In
terms of learning style, students are inclined to learn through
watching and doing, although the inclination is not very signiﬁ-
cant. Students are likely to embrace innovative learning styles,
while their attitude toward actively searching for new information
is neutral. In terms of professional background, only one student
has a transportation-related background before the class and 3
students expressed a desire to pursue a career in transportation
most were undecided; structural engineering was the most com-
mon subﬁeld. Thus, it is not surprising that most of the subjects
assess their transportation-related knowledge and skills as poor.
On the other hand, students overwhelmingly rate their computer
knowledge as proﬁcient and they actually report spending on an
average of 18 h a week before the screen. All of them have access
to the Internet at home. This information favors the use of online
simulation.
Results from the postclass survey are summarized in Table 3.
As can be seen, students generally agree that ADAM improves
their understanding of travel demand modeling, transportation
planning, and transportation projects, which implies that ADAM
is effective as a learning tool. As indicated in Table 4, ADAM
signiﬁcantly increases students’ perceived skills of identifying re-
lationships between components in the transportation system,
forming opinions and judgments.
Students rate ADAM as an easy, clear, and pleasant tool for
learning, which is consistent with their positive overall evaluation
of this simulator. While they generally agree that ADAM en-
hances their learning through practical experience and interactive
teaching, students are neutral about whether ADAM provides the
opportunity for them to practice what they learned from lectures.
This is partly due to the fact that, although detailed documenta-
tion was provided, the simulator itself still hides a great deal of
model detail and is signiﬁcantly different from traditional four-
step equations learned in lectures and the textbook in this semes-
ter Banks 2002. In terms of the quality of project design and
supporting materials, students are generally satisﬁed.
Does ADAM outperform conventional paper and pencil teach-
ing strategies? Ideally, a between-subjects experiment should be
conducted where two groups of students are randomly assigned to
classrooms using the two different teaching strategies. Then, per-
formance may be directly compared. However, it is problematic
to use control groups in real classrooms during the same semester.
There are too few students in a semester to divide into two dif-
ferent classrooms. Furthermore, the different classroom treat-
ments may be perceived as unfair by students who have real
grades riding on their performance. Instead, this analysis com-
pares survey data collected from two different semesters. A later
survey conducted in the Fall of 2006 focused on the same content
but instead used the traditional pencil and paper teaching strate-
gies, rather than making use of the simulator ADAM. The back-
ground information from the later survey of the 38 respondents is
also summarized in Table 2. These students share similar demo-
graphic background and learning styles with their peers from the
Spring semester. However, students in the Fall semester rated
themselves higher regarding their prior knowledge and skills in
transportation planning before taking the class. To control incon-
sistencies in self-evaluation, we compared the relative rated im-
provements of each individual, instead of the absolute value
ratings of skills. Table 4 compares the self-reported level of skill
in transportation planning before and after the class for both the
control group and the treatment group. Unsurprisingly, students in
both groups feel that they have beneﬁted from the class. However,
the magnitude of improvement in all three skill areas is larger for
students who learn through ADAM. This improvement is only
statistically signiﬁcant regarding the ability to identify relation-
ships among components of transportation systems. A larger
sample may be required to draw more convincing conclusions.
Table 1. Evaluation Design







Prior understanding of topics
Prior ability of identify relationship
Prior ability of forming opinions
Prior ability of judgment
Postclass survey
Learning outcomes Subjective understanding of topics
Ability of identify relationship
Ability of forming opinions
Ability of judgment
Efﬁcacy assessment of
ADAM as a learning tool
Subjective satisfaction
Quality of interface
Quality of system design
Learnability of ADAM
Effectiveness of ADAM




Final score Understanding of travel demand modeling
Overall academic performance
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Knowing the characteristics of students who are more likely to
capture the beneﬁts of simulation-based teaching strategy has
valuable implications for future research and educational practice
to apply online simulation in classroom setting. Therefore, linear
regressions are carried out with regard to students’ learning per-
formance indicators, including scores on the quiz I, self-reported
improvements on knowledge and improvements on self-perceived
skills. A correlation analysis conducted beforehand indicates that
improvements on three kinds of knowledge and three kinds of
skills listed in Table 3 are positively correlated. Thus, only one
out of three indicators of a kind is drawn for statistical analysis.
As shown in Table 5, explanatory variables contain information
obtained in the preclass survey and ﬁnal scores, some of which
are dropped if they are not signiﬁcant in preliminary regressions.
A higher r-squared implies more signiﬁcant relationship among
dependent and independent variables. As shown by the regression
results, students preferring visual learning are more likely to gain
from simulation-based teaching according to the negative coefﬁ-
cient and statistical signiﬁcance. Similarly, active learners learn-
ing through doing are more likely to improve their skill of
evaluating alternative projects and making judgments. Students
who are more enthusiastic about innovative teaching strategies
are likely to form a better understanding of transportation plan-
ning after learning through simulation; however, their improve-
ment in skills is not as signiﬁcant as those favoring traditional
classroom teaching. This difference implies that while the former
group is more comfortable with simulation-based learning, the
latter more likely beneﬁts from innovative teaching strategies.
Final scores are highly correlated with students’ performance in
quiz I. Interestingly, scores of the ability to evaluate transporta-
tion project reported before taking the class is negatively corre-
lated with their understanding of travel demand modeling after
Table 2. Background of Students
Students’ background
ADAM based Conventional
Counts/mean SD Counts/mean SD
Observations 37 38















Technical capacity Own computers at home? 100% 97.3%
Weekly computer usage h 18.48 9.92 15.01 10.46
Computer proﬁciency 1=very proﬁcient, 5=none 1.96 0.60 2.21 0.62







Sensing versus intuitive 2.86 0.85 2.68 1.86
Visual versus verbal 2.45 0.90 2.26 1.84
Active versus reﬂective 2.48 0.96 2.10 1.78
Sequential versus global 2.64 0.95 2.57 1.00
Motivated by innovative teaching strategies 2.24 0.72 2.18 0.73
Searching versus accepting 3.08 0.95 3.23 1.12
Prior understanding of the subject
1=poor, 5=very good
Travel demand modeling 1.45 0.50 1.68 0.70
Transportation planning 1.48 0.50 2.00 0.96
Transportation project evaluation 1.56 0.65 1.87 0.84
Prior skill assessment
1=poor, 5=very good
Identify relationship among components 2.24 0.76 2.97 0.94
Form opinions 2.75 0.86 3.34 1.04
Comparison and judgment 2.43 0.76 3.00 1.01
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students who have little knowledge of the transportation planning
experience before they take the class tend to believe that their
knowledge is signiﬁcantly improved after they complete the class.
As a result, they tend to give more aggressive ratings of their
improved understanding of travel-demand modeling. Alterna-
tively, students that already feel comfortable with the material
tend to understate any improvements in their understanding of the
subject.
As shown in Table 5, the variables of demographic, academic
and professional background, and computer proﬁciency are not
statistically signiﬁcant. This could be explained by the fact that
the majority of the class has little prior experience in this ﬁeld,
thus they are all novices despite the differences in grade, age, and
gender. The survey reports that students believe the simulator is
simple and easy to learn, which diminishes the importance of
computer proﬁciency in student performance. This is consistent
with our design philosophy too.
Conclusions
Findings from this research are twofold: ﬁrst, ADAM’s perfor-
mance in the classroom is consistent with its design philosophy. It
Table 3. Learning Outcome Assessment
Learning outcomes Mean SD
Observations 37
Perceived improvements on subject understanding 1=poor, 5=very good
Travel demand modeling 3.59 0.83
Transportation planning 3.38 0.82
Transportation project evaluation 3.28 0.96
Perceived skills after projects 1=poor, 5=very good
Identify relationship among components 3.54 0.73
Form options 3.43 0.76
Comparison and judgment 3.48 0.83
Efﬁcacy assessment of ADAM as a learning tool
Interface 0=poor, 9=very good Reading on screen 6.32 2.37
Information organization 5.46 2.04
Indication of system progress 5.22 2.05
Overall satisfaction 5.49 2.02
System design 0=poor, 9=very good Easy to access 100%
Speed satisfaction 6.05 2.07
Efﬁcacy of enhancing learning through 1=disagree, 5=agree Practice of skills 2.94 0.97
Practical experience 3.21 0.85
Interactive approach 3.27 0.99
Motivating teaching strategies 3.00 0.99
Overall satisfaction 1=low, 5=high Easy to learn 3.67 1.05
Quality as a learning tool 3.08 0.98
Learning experience with ADAM 3.18 0.99
Overall satisfaction 3.08 0.86
Assessment of project design 1=low, 5=high
Overall satisfaction 3.11 1.07
Quality of design 3.29 0.84
Time taken to accomplish work 2.51 0.69
Supporting information proﬁciency 3.56 1.04
Information clarity 3.32 0.91
Table 4. Perceived Improvement in Skills after Simulation-Based Project
Skills
Mean score of self-reported ability 1=poor; 5=very good
ADAM-based class Conventional class ADAM versus conventional
Before After Increase t Before After Increase t Difference t
Identify relationship among components 2.24 3.54 1.3 14.3
a 2.97 3.66 0.69 3.3
a 0.6 2.38
a
Form options 2.76 3.43 0.67 7.95
a 3.34 3.86 0.52 2.6
a 0.15 0.72
Comparison and judgment 2.43 3.49 1.06 11.9
a 3 3.86 0.86 4.2
a 0.2 0.64
aSigniﬁcant at 99% conﬁdence interval.
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Results from our surveys reveal that a curriculum centered on
problem-solving and enhanced by simulation tools can effectively
improve classroom outcomes. Students improved their under-
standing of the transportation planning evaluation process and
were more likely to use better judgment regarding analysis of
transportation projects.
Second, the study ﬁnds that not all students beneﬁt equally.
Learning style plays an important role in determining the gains
from a simulation-based teaching strategy. Visual and active
learners captured more beneﬁts from this strategy, while those
who preferred sensing and sequential learning did not demon-
strate higher performance. We speculate that this ﬁnding may re-
late to the holistic nature of integrated simulation models, which
contrasts with the reductionism of four-step models. The methods
developed in this paper are designed to enhance rather than re-
place traditional teaching styles so as to incorporate all learning
styles.
Future work includes running this study with a larger sample
size and a comparison study of a treatment group and better ex-
periment design so that more confounding factors can be con-
trolled.
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